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© The invention relates to a method for preparing 
electronic and electro-optical components and cir- 
cuits based on conducting polymers. One or more 



boundary surfaces in the component between a con- 
ducting polymer and another material are formed by 
melting the conducting polymer. 
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METHOD FOR PREPARING ELECTRONIC AND ELECTRO-OPTICAL COMPONENTS AND CIRCUITS 



The invention relates to electronic and electro- 
optical components and circuits based on conduct- 
ing polymers. 

It has been known for some time, how elec- 
tronic components can be constructed by means of 
conducting conjugated polymers. For example, di- 
odes in the form of Schottky-barriers between con- 
ducting polymers and metals have been studied In 
detail in the publication by J. Kanicki "Polymer 
Semiconductor Contacts and Photovoltaic Applica- 
tions" in the Handbook of Conducting Polymers. 
Vol. 1.543 (1986). Ed. by T.A. Skotheim, and the 
studies of contacts between polymers and semi- 
conductors have also been performed, e.g. by 
O.lnganas. T. Skotheim and I Lundstrom. Phys. 
Scr. 25. 863 (1982) and by S Glenis and A.J. 
Frank. Synth. Met. 28. C715 (1989). The polymers 
studied have been prepared in the form of either 
thin films on a metallic, semiconducting or isolating 
substrate. As for the fact that a further contact point 
is necessary, this has been mounted by vacuum 
steaming a metal directly on the polymer surface. 
In some cases, the polymer has been directly 
electro-synthesized on the metal structure, which is 
constructed to be used as a field effect transistor, 
e.g. in the publication by A. Tsumura, H. Koezuka 
and T. Ando. Synth. Met 25. 11 (1988). 

The polymers capable of being processed 
have lately been available and also utilized for the 
construction of polymer components. R. Friend in 
Cambridge has utilized a pre-polymer for a 
polyacetyle. which is formed into a thin film on a 
substrate. The polymer is then modified into a 
conducting polymer for the polyasetyle in a thermic 
phase. The contacts with this film placed therein 
through steaming can be used for forming polymer 
components, which has been shown e.g. by J.H. 
Burrouhges, C.A. Jones and R. H. Friend in the 
publication "Nature", 335. 137 (1988). It has been 
shown earlier (A. Assadi. C. Svensson. M. Willan- 
der and O. Inganas, Appl. Phys. Lett. 53, 195 
(1988), how thin films of poly(3-alkylthiophene) can 
be placed on completed structures for forming field 
effect transistors. For forming diodes, H. 
Tomozawa. D. Braun. S. Phillips. AJ Heeger and 
H. Kroemer. Synth. Met. 22. 63 (1987) need a 
contact with two separate metal surfaces, but this 
cannot be performed in a simple manner by means 
of the same technique as is used when construct- 
ing field effect transistors. The most simple way is 
to sputter or steam a metal film directly on the 
surface of the conducting polymer, which in turn is 
already located on another metal film. 

It has now been found a new way of preparing 
components of conducting polymers. The method 



according to the invention is characterized in that 
one or more boundary surfaces in the component 
between a conducting polymer and another ma- 
terial are formed by melting the conducting poly 
s mer. 

The preferred embodiments of the invention 
are presented in the subclaims. 

It is thus shown in the present invention, how 
electronic components and circuits composed of 

w components of the above-mentioned type can be 
realized by melting together a thin polymer film 
comprised of a meltable conducting polymer ca- 
pable of processing in its neutral position between 
two surfaces comprised of metals, semiconductors 

75 or isolators. Different combinations provide different 
functions. A Schottky-barrier diode can for example 
be formed by melting the polymer between two 
different metals, a MESFET is formed by melting 
the polymer between two different surfaces with a 

20 metal pattern, an MIS capacitance is formed by 
melting the polymer between an isolator and a 
metal, and A MISFET transistor is formed by melt- 
ing the polymer between a patterned metal film 
and an isolator surface. Circuits constructed with 

25 such components can naturally be realized by for- 
ming surfaces with metal films and isolator films for 
achieving the desired function. Solar cells can also 
be realized by using the same technique. 

The advantages of the present invention are as 

30 follows: 

1. A simple thermal stage is used for forming 
the boundary surface. 

2. The polymer is not subjected to potent etch- 
ing agents, since the geometry of the compo- 

35 nents and the circuits is formed by etching 
metal patterns on a substrate. 

3. Is it possible to obtain in a simple manner 
boundary surfaces between the polymer and the 
material, which is not steamed, sputtered, cast 

40 or spun. 

The invention is next described in detail with 
reference to the accompanying drawings, the pur- 
pose of which is not to limit the invention. 

Fig. 1 is a principal scheme for preparing a 
45 Schottky-barrier structure in accordance with the 
method of invention. 

Fig. 2 shows how the method according to the 
invention can be utilized for preparing a metal- 
semiconductor field effect transistor (MESFET) 
so by melting the polymer between the two sur- 
faces with a metal pattern 
Fig. 3 shows how the method according to the 
invention can be used for preparing a Schottky- 
diode by melting the polymer between two sur- 
faces with a metal pattern. 
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Fig. 4 shows how the method according to the 
invention can be used for preparing a metal- 
isolator semiconductor field effect transistor 
(MISFET) by melting the polymer between two 
surfaces with a metal pattern, one of which 
surfaces is covered by an isolating layer. 
Rg. 5 shows how the method according to the 
invention can be used for preparing a metal- 
isolator semiconductor (MIS) capacitance by 
melting the polymer between two surfaces with 
a metal pattern, one of which surfaces is cov- 
ered by an isolator layer. 
Fig. 1 shows an example of how a Schottky- 
barrier structure, such as Au P30T/A1, can be pre- 
pared according to the method of the invention. 

1. A P30T film 1 is cast from a P30T/CHCI 3 
solution (30 mg rni) on a substrate comprised of 
Al (aluminum) 2 steamed on a glass 3. 

2. The structure is placed on the heating plate 4. 
A glass substrate, on which gold is steamed at a 
point located in the middle, is placed on the 
P30T film 1 . This "sandwich structure" is heated 
until P30T starts to soften, whereby the structure 
is pressed together in such a way that a rela- 
tively thick (e.g. 15-20 *im) and a homogenous 
P30T layer 1 is obtained, which is in contact 
with the two metals. 

3. The "sandwich structure" is taken away from 
the heating plate 4, and it is allowed to cool 
down to room temperature. 

In Fig. 2, is prepared a metal-semiconductor 
field effect transistor (MESFET) according to the 
invention. A meltable polymeric layer 1 is cast on a 
substrate 3, on which a metal pattern 2 is steamed 
according to a method of Fig. 2c. The metal to be 
used is to have an ohmic contact with the polymer. 
Another substrate 5, on which is steamed a pattern 
of another metal 6 according to the method accord- 
ing to Ftg. 2a is placed against the polymer layer 1 
from the other side of Fig. 2b. The metal to be 
used is to give a unidirectional contact with the 
polymer. The "sandwich structure" is heated and 
completed in the same way as in Fig. 1 . 

In Fig. 3. a Schottky-diode is prepared in the 
same way as in Fig. 2. A meltable polymer layer 1 
is cast on a substrate 3. on which a metal pattern 2 
is steamed according to the method of Fig. 3c. The 
metal to be used in this connection gives an ohmic 
contact with the polymer. 

Another substrate 5. on which a pattern of 
another metal 6 is steamed according to the meth- 
od of Fig. 3a is placed against the polymer layer 1 
from the other side according to Fig. 3b. The metal 
to be used gives a unidirectional contact with the 
polymer. The "sandwich structure" is heated and 
completed according to the method of Fig. 1. 

In Fig. 4. a metal-isolator-semiconductor field 
effect transistor MISFET is prepared according to 



the method of the invention. A meltable polymer 
layer 1 is cast on a substrate 3, on which a metal 
pattern 2 is steamed according to the method of 
Fig. 4c. The metal to be used gives an ohmic 

5 contact with the polymer. Another substrate 5. on 
which a pattern of another metal 6 is steamed 
according to the method of Fig. 4a and which is 
then covered with a layer of another isolating ma- 
terial 8, is placed against the polymer layer 1 from 

10 the other side according to Fig. 4b. The "sandwich 
structure" is heated and completed in the same 
way as in Fig. 1. 

In Fig. 5, a metal-isolator-semiconductor (MIS) 
capacitance is prepared according to the method of 

75 Fig. 4. A meltable polymer layer 1 is cast on a 
substrate 3, on which a metal pattern 3 is steamed 
according to the method of Fig. 5c. The metal to 
be used gives an ohmic contact with the polymer. 
Another substrate 5. on which a pattern of another 

20 metal 6 is steamed according to the method of Fig. 
5a and which is then covered with a layer of 
another isolating material 8, is placed against the 
polymer layer 1 from the other side according to 
Fig. 5b. The "sandwich structure" is heated and 

25 completed in the same way as in Fig. 1 . 

The obvious advantages to be obtained by 
means of the new preparation method are as fol- 
lows: 

1) It is not necessary to subject the polymer to 
30 powerful etching agents, which are convention- 
ally used for etching the metal pattern. 

2) It is possible to obtain in a simple manner 
boundary surfaces between P2AT and the ma- 
terial that does not start to spin, steam or sput- 

35 ter. For example Au/P3AT/Au (it is, among other 
things, difficult to steam gold, since gold easily 
diffuses through P3AT) or optical components of 
the type Glass/ITO/lsolator/ P3AT.GIass. 
The patent claims within the scope of which 
40 the details of the invention can vary are presented 
next. 

The invention relates to a method for preparing 
electronic and electro-optical components and cir- 
cuits based on conducting polymers. One or more 
45 boundary surfaces in the component between a 
conducting polymer and another material are 
formed by melting the conducting polymer. 
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Claims 



1. A method for preparing electronic and electro- 
optical components and circuits based on con- 
ducting polymers, characterized in that one 
or more boundary surfaces in the component 
55 between a conducting polymer and another 
material are formed by melting the conducting 
polymer. 
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2. A method according to Claim 1, character- 
ized in that a boundary surface between a 
conducting polymer and a metal is formed by 
pressing the two surfaces against each other 
under heat in such a way that the materials are 5 
fixed against each other. 

3- A method according to Claim 1, character* 
ized in that a boundary surface between a 
conducting polymer and an isolator is formed 10 
by pressing the two surfaces against each 
other under heat in such a way that the materi- 
als are fixed against each other. 

4. A method according to Claim 1, character- is 
ized in that a boundary surface between a 
conducting polymer and a semiconductor is 
formed by pressing the two surfaces against 
each other under heat in such a way that the 
materials are fixed against each other. 20 

5. A method according to Claim 2. character- 
ized in that the metal is any of metals in the 
periodic system, preferably Au, Cr, Ti t In, Pt. 



6. A method according to Claim 3. character- 
ized in that the isolator is an inorganic or 
polymeric isolator. 

7. A method according to Claim 4, character- 30 
ized in that the semiconductor comprises Si, 

an amorphous silicon hydride (a-Si:H), GaAs, 
CulnSe or a polymer semiconductor. 

8. A method according to any of the Claims 1-7, 35 
characterized in that the conducting polymer 

is a meltable poly(3-octylthtophene), poly(3-al- 
kyithiophene). poly(alkylthtophene vinyl), 
polyalkylpyrrolidine or the like. 
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